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1

SYSTEM FOR COMMUNICATING THROUGH
PARTITIONS

FIELD OF THE INVENTION

This invention relates to intercommunication (“inter-
com”) devices, and in particular to intercommunication
devices for transmitting voices and other aural signals
through doors and other partitions to provide privacy,
anonymity, and security.

DESCRIPTION OF THE PRIOR ART

Intercom systems have been around for many years
to enable people to converse with one another when
they are in different locations, or separated by sound
barriers such as walls, windows, or doors. These sys-
tems are well known in the art. Some of these systems
piggyback a high frequency signal on the A.C. power
lines to communicate between the inside and outside
station. Other systems use radio frequency (R.F.) trans-
mission t0 communicate between stations much the
same as walkie-talkies. These types of intercom systems
require a substantial power source to operate the unit.
These systems need high operating currents to power
the amplifier and speakers in the intercom, to power the
R.F. circuitry, and to power the modulation and decod-
ing circuitry. This requires A.C. power wiring, or 24
VAC door-bell wiring, custom in-wall mounting of the
unit, through holes drilled for wiring, and large, out-
door, weather-proof speaker housings. The units there-
fore tend to be expensive, require additional expensive

installation, require safety agency approvals for materi-
als and construction, and are expensive to repair.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved intercom device for transmitting voices and-
/or other aural signals through doors and other parti-
tions.

Another aspect is to provide an intercom device as
described above which enables such transmission in
privacy, anonymity and security.

Yet another object of the mvention is to provide an
intercom system which requires low current consump-
tion while yielding satisfactory volume outputs.

Another object is to provide an intercom system
which can be installed on a door easily with no tools.

It is a further object to provide an intercom system
which has satisfactory volume of sound output without
feedback.

It is still another object to provide an effective inter-
com system for a door which 1s inexpensive to make.

An object of the invention is to provide an intercom
system which provides clear and understandable out-
puts.

Another object is to provide a battery powered inter-
com device which can be operated with a battery which
causes little current drain on the battery and provides
long battery life.

Other objects will be understood from the description
to follow and from the appended claims.

The present invention in a preferred form, i1s a very
low cost intercom system designed to attach easily to a
door and provide two-way communication through the
door without having to open the door. Security, ano-
nymity, privacy and safety can be maintained via the
locked door. To provide long battery life, low current
consumption, ample volume levels, simple no-tool in-
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stallation and mounting, and low manufactured cost,
several unique circuit methods, construction methods
and material combinations are employed to achieve the
desired performance parameters.

The preferred form of the invention is a battery pow-
ered (although other forms of electrical power can be
used), completely self-contained, intercom system
which can be attached to any door without tools. It uses
readily available alkaline batteries to provide the system
voltage to power the unit for long periods of service. It
preferably features one button operation, automatic
shut-off, a pre-determined time after the last button
actuation, ultra-low-current standby mode, electronic
door bell signal, OFF push-button switch to conserve
batteries and eliminate feedback osciliations when the
door is opened, peel-and-stick foam mounting pads for
simple attachment to any door and to eliminate sound
transmission through the door, integral speaker dia-
phragm and protective decorator label, built in battery
compartment and volume control for maximum sound
adjustment without feedback. |

When a visitor comes to the door, the visitor can
press a push-button and the system will make an elec-
tronic tone to call the owner to the door (like a door-
bell). This also activates the amplifier circuit so the
person inside can listen to the caller outside. When the
owner wishes to speak to the person outside, he presses
and holds a push-button to place the system in a TALK
mode and speaks into the speaker. To listen, the owner
releases the foregoing push-button. The unit turns OFF

automatically a pre-determined time, such as 30 sec-
onds, after the push-button for the TALK or DOOR-
BELL mode is last pressed to conserve the batteries. A

manual “OFF” push-button is provided on the inside
unit to shut the system OFF immediately after use to
further conserve batteries or before opening the door to
eliminate feedback and oscillations. The intercom sys-
tem inside unit has a volume control which allows the
user to adjust the system for maximum volume without
annoying feedback or “squeals™.

To install the unit, the user peels off the backing
material from the foam feet of the outside unit and at-
taches the unitto the outside of the door at about shoul-
der or mouth level and in from the edge of the door
about two inches. Next, he/she peels the backing off of
the foam feet of the inside unit, proceeds to pull the
ribbon cable taut around the edge of the door and
presses the inside unit against the inside door surface.
On some doors, the ribbon cable will not be drawn tight
due to the units needing to be mounted close to the edge -
of the door. The excess ribbon cable can be conve-
niently stored in a storage compartment in the inside
unit. Two nine volt batteries are required to operate the
unit; they can be stored in a compartment in the inside
unit after they are snapped onto the battery connectors.

Two alkaline 9 volt batteries can power the unit for 1
to 2 years before needing replacement. The ultra-low-
power amplifier circuits only use current when acti-

vated, and otherwise consume nano-amps of current in

the standby mode. There are no moving parts or elec-
tro-mechanical devices of any kind in the unit to pro-
vide for reliability, easy assembly, and low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a front view of the preferred embodiment of
the invention.
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FIG. 2 is a rear view of the embodiment shown in
FIG. 1.

FIG. 3 is a cross-sectional view of the above embodi-
ment which i1s mounted on a door.

FIG. 4 is a block diagram of the electronic circuit
incorporated in the foregoing embodiment.

FIG. 5 is a detailed schematic of the foregoing elec-
tronic circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIGS. 1, 2 and 3, an intercom system 200
according to the preferred embodiment of the invention
is shown. It has an outside unit 202 comprising a hous-
ing 1, a protective sheet shown here as a decorator label
2, a piezo transducer element 3, a “DOOR BELL”
push-button switch 4, three foam mounting pads Sand a
4-conductor ribbon cable 6.

System 200 further includes an inside unit 204, having
a housing 7, a protective sheet also shown as a decora-
tor label 8, a piezo transducer element 9, an electronic
circuit board 10, a volume control knob 11, an “OFF”
push-button switch 12, a “TALK” push-button switch
13, a pair of 9-volt alkaline batteries 14, and foam
mounting pads 15.

It became apparent to the inventor that conventional
speakers could not be used if the system was to use very
little electric current while operating and near zero
current in its stand-by mode, to enable the batteries to
last for 1 to 2 years. Conventional speakers require low
driving impedance and rather high current to produce
sound. The high current to drive the speakers would

quickly drain the batteries, would require a high current.

power switch to turn the system OFF when not in use,
and would require a high current switch such as a con-
ventional double-pole, double-throw switch to accom-
plish the press-to-talk function. Further, conventional
speakers require impedance matching transformers to
be used as microphones which add to cost, size, and

weight. Moreover, conventional speakers are heavy 40

and have low efficiencies in converting electrical sig-
nals to sound, thus requiring,more powerful amplifiers
that would quickly drain batteries and in turn, would
require a line voltage power supply due to the amount
of power needed. |

To overcome these problems, piezo transducer ele-
ments 3 and 9 were selected for alternate use as the
speaker and as the microphone. Piezo transducers are
well known. They are highly efficient in converting
electrical signals into sound and converting sound into
electrical signals which can readily be amplified. They
have a high impedance and require very low drive
current. This allows them to be used with CMOS ana-
log switches. In turn, a single pole momentary switch
can control the push-to-talk function. The inventor did
realize, however, that piezo transducers do present
some problems. They require high voltages to generate
adequate amounts of sound power output, and they
must be mounted to enhance the piezo electric effect,
lower the load impedance, and increase the sound out-
put. The inventor found that by mounting the piezo
transducer elements 3 and 9 to polypropylene labels 2
and 8 respectively, the labels each acted as a speaker
diaphragm which increased the sound output dramati-
cally and decreased the dynamic impedance of each
piezo transducer element. Each piezo transducer ele-
ment 3 and 9 is attached, respectively, to labels 2 and 8,
and adhesive (of known type) placed on the back of the
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label, serves to hold the piezo transducer elements 1n
place, as well as to affix the label to its respective hous-
ing 1 and 7. Further, the inventor found that if a hole
was cut in the label 2 and 8, equal in diameter to the
diameter of the piezo crystal elements, 3 and 9, the piezo
transducer output was further increased to its relative
maximum. This happens because the nodal vibration
boundary occurs at the edge of the piezo ceramic wafer.
Since the label stops at the boundary, the outer brass
plate of the piezo transducer 3 and 9, and the label 2 and
8, form an extended resonating surface to enhance
sound generation and output. The housings 1 and 7 form
a larger mounting diameter for the diaphragm label
similar in function to a speaker frame. It allows each
piezo transducer element 3 and 9 and the respective
labels 2 and 8, to spherically flex in and out to increase
the movement of air and increase sound output. The
labels, which are attached to the housings 1 and 7, also
serve to seal the unit and push-button switches from dirt
and moisture, while still allowing the operation of the
switches.

To overcome the problem of high voltage generation

. to drive the piezo transducers 3 and 9, the inventor
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found that a simple and very efficient method was to use
two standard 9 volt batteries 14, (FIGS. 4 and S, items
B1 and B2), and combine them with a bridge output
amplifier, (FIG. 4, Al, 121 and A2, 122, FIG. §, Ul:c
and Ul:d). This provides a =18V or 36 volt peak-to-
peak output signal to drive the piezo transducers. A
piezo transducer appears effectively in the circuit as a
capacitor. Since the energy stored in a capacitor is equal
to 0.5 (C)(V " 2), where C is the effective capacitance
and V is the voltage, each doubling of the voltage re-
sults in a four times increase in the output power. The
inventor developed a circuit (FIGS. 4 and §) including
a bridge output amplifier (A1, 121; A2, 122) and two 9
volt batteries (B1, B2) connected in series to obtain a
loud enough output. The circuit includes electronic
analog switches, SU1 through SUS8, which are limited
to around 20 volts before they breakdown, which was a
limiting factor in the design using standard components.
Obviously, higher outputs could be obtained by using
higher supply voltages and switches with higher break-
down voltages.

Once adequate sound output was achieved, the inven-
tor next overcame acoustic feedback through a door 16
on which the system is shown mounted. In operation,
one of the piezo transducers (SP1, SP2) acts as a micro-
phone and the other as a speaker. When sound from the
speaker transducer is transmitted through the door 16 to
the microphone and there is sufficient amplifier gain, an
oscillatory feedback occurs. In order to eliminate the
feedback, the inventor first reduced the amplifier gain
via the volume control 11, 120 and R1, and therefore
the output sound level. The inventor further reduced
the sound transmission from the speaker SP1 or SP2
through the door 16, to the microphone, the other of the
piezo transducers SP1 or SP2. The mmventor accom-
plished this by designing the housing and the mounting
feet 5 and 15, to absorb sound energy and reduce the
through-the-door transmission of sound vibrations. To
mount the units easily to the door, and to conform to a
contoured door’s surfaces, the inventor determined that
a soft, dense, closed-cell, poly-vinyl foam material sig-
nificantly reduced sound transmission through the door,
eliminating feedback. The inventor found that the foam
surface area had a direct effect on the amount of sound
transmitted through the door 16. As the foam surface
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area decreased, the transmitted sound decreased. By
placing foam pads at specific locations on the back of
the unit housings, operational mechanical stability and
minimal sound transmission was achieved. A triangular
placement of foam pads on the back of the inside and
outside housings 1 and 7, provided the optimal mechani-
cal support with minimal acoustic transmission through
the door 16. Since three points define a geometric plane
in space, the units always fit to the door surface without
undue compression forces that would increase sound
transmission and decrease performance.

The greatest performance was achieved when the
sound transmission through the door 16 was a mini-
mum, and the volume control 11, 120, R1 was set to the
maximum setting without causing audible feedback.

Referring next to FIGS. 4 and §, the blocks in FIG. 4
are comprised of the components in FIG. § as follows:

AMPLIFIER A1—R2,R3,R4,R5,R6,R9,(C1,U1-

:A,U1:B,U1:C;

AMPLIFIER A2—R7,R10,Ul:D;

VREF Vs/2—R13,R14,C2;

OSC—R11,R15,R16,C3,C4,U2:B;

PWR SWITCH —R20,U2:A,U2:C,U2:D;

OFF TIMER—R17,R19,R22 R24,C5,Q1;

ANALOG SWITCHES—RS8,R12,R18,R21,R23-

,2SU1 THRU SUS8,U3:A,

OFF—PB1;

TALK—PB3;

INSIDE SPEAKER—SP1;

DOOR BELL—PB2;

OUTSIDE SPEAKER—SP2;

BATTERIES—B1,B2.

The normal operation of the intercom 200 is as fol-
lows. Most of the timer the intercom system resides in a
stand-by mode drawing an infinitesimal amount of cur-
rent until either the “DOORBELL” PB2 or “TALK”
PB3 push-buttons are pressed. When the “DOOR-
BELL” PB2 button is pressed, the OFF timer 126 1s
reset via connection 105. This activates the power
switch 125 via connection 111. Power from the batteries
B1 and B2 is connected via connection 112 to the power
switch 125, then via connection 113, to the bridge am-
plifier comprised of amplifier A1(121) and amplifier
A2(122), to the voltage divider circuit Vs/2 REF(123),
to the oscillator circuit OSC(124), and to the analog
switches SU1 thru SUS8 (127). Connection 105 enables
the oscillator circuit OSC(124) to operate. A tone signal
is sent from the oscillator circuit OSC(124) via connec-
tion 115 to the bridge amplifier circuit A1(121),
A2(122). The output signal from the bridge amplifier
circuit A1(121), A2(122) is sent to the inside speaker
SP1 via connections 101 and 102, analog switches SU1
and SU3, and connections 106 and 107 respectively.
Inside speaker SP1 produces an audible tone to signal
that someone is at the door. The OFF TIMER 126
begins timing after the DOOR BELL PB2 button i1s
released. After a specified period of timer the OFF
TIMER 126 would be set turning off the PWR
SWITCH 125 via connection 111. I either the DOOR
BELL PB2 or TALK PB3 push-button is pressed dur-
ing the OFF TIMER 126 timing period, the timer 1s
reset, via connection 105, for the full time period. Thus,
a normal conversation which requires the TALK PB3
button to be pressed periodically will cause the inter-
com to be powered continuously during the conversa-
tion. Once the conversation has concluded and neither
the, DOOR BELL PB2 or TALK PB3 push-buttons are
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6

pressed, the OFF TIMER 126 times out and the inter-
com unit 200 is turned OFF to the stand-by (tiny cur-
rent) mode. This saves the batteries and allows for a
long operating life, essentially equal to the battery shelf
life. An OFF push-button PB1 is also provided to manu-
ally set the OFF TIMER 126 via connection 104. The
OFF push-button PB1 places the intercom in the stand-
by (tiny current) mode to eliminate oscillatory feedback
when the door is opened to admit a guest after confirm-
ing their identity, or to shut the unit OFF manually to
conserve the batteries after a conversation.

Unless the person on the inside presses and holds the
TALK push-button PB3, the intercom 200 remains in
the LISTEN mode. This allows the person inside to
monitor conversations and sounds outside the door
without having to take any action except t0 momen-
tartly press the TALK push- button PB3 to activate the
intercom. The analog switches 127 are wired so they

-normally connect the outside speaker SP2 via connec-

tions 108, 109, and analog switches SUS, SU7, to the
input of amplifier A1(121) via connection 103 and to the
VREF Vs/2(123) via connection 114. As previously
described, the output from bridge amplifier Al(121-
),A2(122) is connected to the inside speaker SP1 via
connections 102,101, analog, switches SU1,SU3, and
connections 107,106, respectively. The gain of amplifier
A1(121) is controlied by volume control 120,R1. This is
adjusted for the maximum volume just below the point
of feed-back. When the TALK push-button PB3 1s
pressed and held in, connection 105 to the analog
switches 127, causes switches SU1,SU3,SUS,SU7 to
turn OFF and switches SU2,SU4,SU6,SUS8 to turn ON.
When this is the case, inside speaker SP1, is connected
to the input of amplifier A1(121) via connections 106
and 107, analog switches 127, SU2, SU4 and connec-
tions 103, 114. The output from bridge amplifier
A1(121), A2(122) is connected to the outside speaker
SP2 via connections 102,101, analog switches 127, SUS,
SUG6, and connections 109,108 respectively. Connection
114 provides a reference voltage to amplifiers A1(121-
),A2(122) which is one-half of the supply voltage gener-
ated by batteries B1,B2. The output voltage of amplitier
A2(122), is equal to minus one times the output voltage
of amplifier A1(121). Thus, if the output voltage of am-
plifier Al(121) is —9 volts compared to VREF
Vs/2(123), then the output voltage of amplifier A2(122)
will be 49 volts compared to VREF Vs/2(123). Con-
versely, if the output voltage of amplifier A1(121) 1s 9
volts compared to VREF Vs/2(123), then the output
voltage of amplifier A2(122) will be —9 volts compared
to VREF Vs/2(123). In both cases the peak differential
voltage delivered to the output speaker i1s 18 wvolts.
Since the voltage can be swung both positive and nega-
tive by 18 volts, the total peak-to-peak voltage is 36
volts, which is twice as large as the battery supply volt-
age. This technique quadruples the power delivered to
the transducer which can be modeled as a capacitor.
Since the energy is stored as E=0.5 (C)(V 2),if Vis
doubled, E will be quadrupled. The bridge amplifier
A1(121),A2(122) requires twice as many switch
contacts as a standard single output amplifier, but since
the current is low, analog switches 127, SU1 through
SUS8, can be used effectively to provide the necessary
switching. A single momentary TALK push-button
switch PB3 controls the analog switches 127, SU1
through SUS, to switch between the TALK and LIS-
TEN modes without any moving parts. This method
increases the power output, reduces the parts count,



5,384,838

7

simplifies the switching requirements, and provides for
low amplifier drive currents. The high efficiency of the
piezo transducers used for inside speaker SP1 and out-
side speaker SP2, offers maximum sound for minimum
input power.

The invention has been described 1n detail, with par-
ticular emphasis on its preferred embodiment. Varia-
tions and modifications within the spirit and scope of
the mvention will occur to those skilled in the art to
which the invention pertains.

I claim:

1. An ceclectronic intercommunication system for
transmitting signal through a door or other partition
comprising:

first piezo transducer means mountable on one side of

the door/partition and a second piezo transducer
member mountable on one side of the of the door/-
partition, each single piezo transducer member
mountable on the other side a microphone or a
speaker; |

a matrix of electronic analog switching means opera-

tively connected to said first and second single
piezo transducer members:;

bridge amplifier means having input means and out-

put means;

said electronic analog switching means operatively

connecting said first single piezo transducer mem-
ber to the input means of said bridge amplifier
means and said second single piezo transducer
member to the output means of said bridge ampli-
fier means, the bridge amplifier means enabling said
second Single piezo transducer member to be
driven by a peak-to-peak voltage greater than the
system voltage while only 1mpressing the system
voltage through the electronic analog switching
means; and

TALK switching means operatively connected to

said electronic analog switching means for revers-
ing the connection of said electronic analog switch-
ing means to said first and said second single piezo
transducer members;

wherein actuation of the TALK switching means

changes. the condition of said electronic analog
switching means to operatively reverse the connec-
tion of said first and said second single piezo trans-
ducer members to the bridge amplifier means.

2. The mvention according to claim 1 and further
including power switching means for connecting a sys-
tem voltage to the electronic circuitry of said system,
and shut-off timer means operatively connected to said
power switch means and to the system voltage for turn-
ing off the power switching means upon termination of
a pre-determined time period.
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3. The invention according to claim 2 and further 55

including doorbell switch means for resetting said shut-
off timer means.

4. The invention according to claim 3 and further
including oscillator means connected to said doorbell
means for generating an audible signal to said bridge
amplifier means to send an alert signal that said doorbell
means has been actuated.

5. An electronic intercommunication system for
transmitting signals through a door or other partition
comprising: |

first audio transducer means mountable on one side of

the door/partition and a second audio transducer
means mountable on the other side of the door/par-

65
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tition, each of said audio transducer means serving,
alternatively as either a microphone or a speaker;
electronic switching means operatively connected to
said first and second audio transducer means:
amplifier means having input means and output
means;
said electronic switching means operatively connect-
ing said first audio transducer means to the input
means of said amplifier means and said second
audio transducer means to the output means of said
amplifier means, the amplifier means enabling
audio transducer means to be driven by a peak-to-
peak voltage greater than the system voltage while
only impressing the system voltage through the
electronic switching means; and
TALK switching means operatively connected to
sald electronic switching means for reversing the
connection of said electronic switching means to
said first and said second audio transducer means;

wherein actuation of the TALK switching means
changes the condition of said electronic switching
means to operatively reverse the connection of said
first and said second audio transducer means to the
amplifier means.
6. The invention according to claim S and further
including power switching means for connecting a sys-
tem voltage to the electronic circuitry of said system,
and shut-off timer means operatively connected to said
power switch means and to the system voltage for turn-
ing off the power switching means upon termination of
a predetermined time period.
7. The invention according to claim 6 and further
including doorbell switch means for resetting said shut-
off timer means.
8. The invention according to claim 7 and further
including oscillator means connected to said doorbell
means for generating an audible signal to said amplifier
means to send an alert signal that said doorbell means
has been actuated.
9. The invention according to claim S5 wherein said
system further includes housing means for containing
said audio transducer means, and support means for
supporting said housing means to the door/partition to
dampen vibration produced by said audio transducer
means to enable greater signal amplitude without oscil-
latory feedback.
10. The electronic intercommunication system ac-
cording to claim 5 wherein said audio transducer means
each compnse a transducer device having a nodal diam-
eter; and sheet material for sealing said system against
deleterious substances; said sheet material having holes
with diameters equal to the nodal diameter of each of
said audio transducer devices, said audio transducer
devices each being attached to said sheet material across
said hole for acting as a diaphragm for the audio trans-
ducer device attached to said sheet material, to increase
the sound output and efficiency of the audio transducer
device.
11. An electronic intercommunication system for
transmitting signals through a door or other partition
comprising;: |
first audio transducer means mountable on one side of
the door/partition and a second audio transducer
means mountable on the other side of the door/par-
tition, each of said audio transducer means serving
alternatively as either a microphone or a speaker:;

electronic switching means operatively connected to
said first and second audio transducer means;
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amplifier means having input means and output said second audio transducer means to the amplifier
means; means;

said electronic switching means operatively connect- power switching means for connecting a system volt-
ing said first audio transducer means to the input age to the electronic circuitry of said system; and
means of said amplifier means and said second 5 ghyt-off timer means operatively connected to said
audio transducer means to the output means of said power switch means and to the system voltage for
amplifier means, said amplifier means enabling turning off the power switching means upon termi-

audio transducer means to be driven by a peak-to-
peak voltage greater than the system voltage while
only impressing the system voltage through the 10
electronic switching means;

TALK switching means operatively comnected to O timer means. _ _
said switching means for reversing the connection 13. The invention according to claim 11 and further

of said electronic switching means to said first and including oscillator means connected to said doorbell
said second audio transducer means wherein actua- 15 means for generating an audible signal to said amplifier
tion of the TALK switching means changes the  means to send an alert signal that said doorbell means
condition of said electronic switching means to  has been actuated.
operatively reverse the connection of said first and

nation of a predetermined time period.
12. The invention according to claim 11 and further
including doorbell switch means for resetting said shut-
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